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ARTICLE INFO ABSTRACT
Article history: Improved production is an important issue in the fields of agriculture and food
Received 21 January, 2014 production. Therefore, several researchers have tried to develop different methods to
Received in Revised form 16 April, overcome the problem of matter and energy crisis. It is well known that electric field
2014 can be used to improve seed vigor, growth and maturation of different plant such as;
Accepted 22 April 2014 wheat, corn and soybean etc. During the present study, the effect of different intensities
Available Online 5 May, 2014 of the electric field was evaluated on the growth and flowering of the Crocus sativus.
During the present study, seven treatment groups were used and kept separately for 4
Keywords: (h1) and 8 (h2) hours under three different voltage intensities; V1=3, V2=6 and V3=9
Electric Field - Germination - Saffron volts. The whole set of experiments was repeated thrice. The control groups were those
Bulbs - Stem Length. that had not been kept under the electric field. These treatment groups were studied

with the help of the statistical analyses of Split Plot and Randomized Complete Block
Design (RCBD). The present results indicate that the effect of electric field was
significant on the stigma growth (p>0.01) as compared to that of as the growth of
saffron-bulb sprouting, petal length, stem length and stigma (p>0.05). The highest and
lowest germination rate was seen for the treatment group kept under VV2h1 and V3h2,
respectively. Maximum petal and stem lengths were seen for the treatment group kept
under v1h1 conditions. Significantly increased stigma height and weight was associated
to V1h2 group and minimum effects of the same parameters were seen in V3hl
treatment group and the minimum flower weight was related to VV2h1 treatment group.
Maximum and minimal stigma weigh was related to VV2h2 and VV2h1 treatment group,
respectively. The results have shown that the electric field had a positive impact on the
growth of Saffron bulbs, petal length, and stem length, stigma and flower weights.
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INTRODUCTION

In recent years, extensive investigations have been carried out to evaluate the effect of electric field on the
living organisms. Electric field plays an important role in civilized human life (David Irwin 1939; Baluchi
2004). Nowadays, the electric field is being used to improve different parameters in the fields of agriculture,
medicine and industry (Nick Nejad 2007).

Studies on the germination of wheat, Triticale, corn and soybean showed that electromagnetic field can be
used as a way to improve seed vigor (Baluchi 2004). Studies have shown that the application of magnetic field,
with the intensity of 0.66-1.1 Tesla (T) for 0-120 minutes’ intervals, could improve the growth of radish seeds.
Electromagnetic field of 0.88 T for 80 minutes could stimulate the germination process of radish (Das 2006;
Kerdonfag 2002). While, the low-frequency electric field can also increase the germination rate in corn.
Parameters such as; increase in stem height of seedlings, showed that electromagnetic field is effective in
increasing plant biomass (Aksyonov 2000).

There are 3 important processes in the plant metabolism that require energy during the plant respiration
which are: maintenance of biomass, growth and transport of ions. It is thought that one of these factors affects
the absorption rate or respiration rate and this process can be the rate of ion transport, which is influenced by the
electric field fluctuations (Pietruszewki 1999; Kiatgamjorn 2002).

During the present study, we have investigated the effect of different intensities of electric field on the
growth rate and yield of Crocus Sativus Strain of Saffron plant. Parameters such as; the germination of saffron
bulbs, petal length, stem length, stigma weight and flower weight were investigated after the exposure of the
plant, during germination and growth processes, to different intensities of electric field.
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MATERIALS AND METHODS

2-1. Study area:

This experiment was conducted in the Marvast region of Yazd, Iran. This region is semi-dry with hot
weather. Test area was located 180 Km South of Yazd with the longitude of 30 degrees and the latitude of 54
degrees with the height of 1546.6 m above sea level. The average annual temperature of Marvast region is 17
°C, mean annual precipitation is 75 mm and average moisture content is 47%.

2.2 Experimental design and plant species:

Saffron (C. sativus) was cultivated in the experimental plots. This plant has bulbs filled with parallel fiber
membrane that had already been planted in the area and showed good performance, relatively. During the
present study, six treatment groups were studied by applying different voltage intensities (V, =3, V, =6 and V;
= 9 V) of the electric field to the experimental plants for two 4 (h,) and 8 (h,) hours. The experimental groups
were named as Vih;, Vohy, Vihg, Vihy, Vsh,, Vsh, and the control group. The whole set of experiments was
repeated thrice. The control groups were those that had not been kept under the electric field.

2.3. Statistical analyses:

The treatment groups were studied with the help of the statistical analyses of Split Plot and Randomized
Complete Block Design (RCBD) and p > 0.05 was considered as significant. The experimental design, used in
the present study, is shown in Figure 1.
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Fig. 1. Schematic diagram of the experimental setup.

3) Results:

The effect of different electric field intensities was significant, during 4 and 8 hours intervals, on the
germination of saffron. Most significant effect of the electric field on the saffron germination was seen when the
voltage of 6V (V) was applied for 8 hours and this experimental group can be simply represented by V;h,
group. While, the lowest effect was seen after the application of same field intensity for h; (4 hours). Among the
six treatment groups, the highest and lowest effect of electric field on saffron germination was seen in V3h, and
V,h; treatment groups, respectively. Table 1 show that an increase of the voltage from 3 to 6 V did not cause
much difference in germination but the change of voltage from 3 to 9 V show marked improvement in
germination process. The effect of electric field was non-significant in h, treatment groups as compared to the hg
ones (Table 1).

Table 1: Analysis of variance (ANOVA) for morphological properties of saffron plant, female buds, petal length and stem length under
different voltage intensities of electric field versus time.

Mean Squares (MS)
Variable sources df Germination Petal length (cm) stem length (cm) Stigma length (cm)
Block 2 22217 1.56™ 8173”7 0.097™
Voltage (A) 2 8.20" 0.013™ 0.915™ 0.2™
Error of a 4 1.14 0.48335 0.336 0.249
Time level (B) 1 32557 1317 0.624™ 0.0052"™
Voltage x level time 2 27.81°7 159° 1747 0337
Error of b 6 0.05 0.171 0.216 0.274
Coefficient of variation (%) - 9.37 17.77 11.4 5.24
ns, ** and * represent Non-significant difference, Significant level of 5% and 1%, respectively.
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The petal length was significantly affected by the duration of time for which the electric field was applied
(4 and 8 hours) also by the interaction between time and voltage. But there was no significant effect of voltage
on the petal length. The maximum and minimum petal lengths were seen at 4 and 8 hours, respectively.
Maximum and minimum petal lengths, after the application of voltage and time, were observed in V;h, and Vh;
treatment groups, respectively. Treatment of saffron plants with the same voltage for 8 hours showed reduced
petal length as compared to those treated for 4 hours (Table 1).

The effect of different voltage intensities and time intervals was not significant on the stem length. These
results are in contrast to those reported by Safari et al. (7) who reported that the maximum and minimum stem
lengths, after the treatment of cucumber plants with the voltage during different intervals of time, were observed
in V:h; and V,h, treatment groups, respectively (Table 1.).

The effect of different voltage intensities and time was not significant upon the length of saffron stigmas.
But the effect of the interaction of voltage and time was significant upon stigma length (p > 0.01). The
maximum and minimum stigma lengths were seen in V,h, and V3h; treatment groups, respectively (Table 1).

Table 2 shows the effect of different voltage intensities during different time spans on the stigma weights (p
> 0.05). A decline in the stigma length was seen after the application of saffron plants with electric field for 8
hours as compared to those treated for 4 hours (comparatively increased stigma length; (p > 0.05).

Maximum and minimum stigma weights (after their interaction with the parameters of time and voltage)
were observed in V;h, and V;h; treatment groups, respectively (Table 2).

Table 2: Analysis of variance for morphological properties of saffron plant, stigma weight, number and weight of flowers under different
voltage intensities of electric field versus time.

Mean Squares (MS)
Variable sources df Weight Stigma (gr) Flower Weight (gr) Number of Flowers
Repeat 2 0.00003 ™ 0.89™ 0.75™
Voltage (A) 2 0.0002 "™ 097" 1.00"™
Error of a 4 0.00035 0.1385 0.15
Time level (B) 1 0.00065 2.26° 0.30™
Voltage x level time 2 0.00074 " 2.05° 0.167 ™
Error of b 6 0.00008 ™ 0.37 0.516
Coefficient of variation (%) - 9.37 12.38 3.07
ns, ** and * represent Non-significant difference, Significant level of 5% and 1%, respectively.

Table 2 also demonstrates that different levels of voltage for 4 and 8 hours had significant effects on the
flower weights (p > 0.05). The maximum and minimum flower weights were recorded after the treatment of
saffron plants with V, and V3 for 8 and 4 hours, respectively. In other words, an increase in the voltage from 3
to 9 V could cause a decline in the flower weights.

Effect of time and voltage showed maximum and minimum stigma weights in the V;h, and V,h, treatment
groups, respectively. Overall, the present results have shown that the number of flower weight was not affected
by the change in voltage, time and the interaction of both (Table 2).

The present study reveals that the voltage intensity of 9 volts (V3) and the time span of 8 hours (h,) had
significant effects on the overall process of germination in saffron plants. But, the underlying parameters such as
the lengths of petals, stem and stigma, and the flower weights were the most affected by the voltage intensity of
3V (V). Fetal and stem lengths were the most significantly affected by the time span of 4 hours while, the
stigma length and weight of flowers were more affected by the time span of 8 hours. The stigma weight showed
the most significant increase after their application with 6 volts for 8 hours. The humber of flowers did not have
any change after the application of any intensity of voltage and time (Figure 2).

4) Discussion:

The electric field mostly affects on the transport and metabolism of ions and electrons. Generally, the
electric field can affect plant growth in two ways: firstly, it affects on the ions in the soil, and secondly, can have
impact on the overall activities of the plants related to the metabolism of electrons and ions (Pozeliene 2000).
Podlesny et al. (Podlesny 2003) have reported about the significant effect of the electric field on the germination
of greenhouse cucumber plants. According to this research group, the effect of the interaction of voltage and
time was not significant on the germination of cucumber plant. Electric field can influence the plant metabolism
and growth patterns by effecting on the electron transport chain and the dark and light reactions of
photosynthesis in leaves (Podlesny 2005; Prokop 2002). Electron transport chain is one of the respiratory
pathways in plant tissues, which can be affected by the electric field, which creates changes in the cellular
respiration.

Several experiments have shown the significant effects of electric field on the animal cells. For example,
electromagnetic field with the intensity of 2 mT and the frequency of 25 Hz could increase the collagen
synthesis (Kiatgamjorn 2002).
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Fig. 2: Effect of different voltage and time parameters of electric field on the plants studied.

According to previous studies, biological treatment of seeds, roots, pollen and buds of some plants could be
changed after their exposure to the electromagnetic field (Labes 1993). Electromagnetic field can stimulate seed
germination and growth of some crops. This field has a positive effect on the germination and growth of grains,
legumes and radish (Pietruszewki 1993; Podlesny 2003; Podlesny2005).

According to a research, the germination of lettuce seeds increased after their exposure to the artificial
electrostatic field with the intensity of 75 Vem™ for 2 minutes (Sidway 1970). While some plants did not show
any change in their germination process after with the application of increasing intensities of the electric field
(Rochalska 2002). Plant growth depends on the electric field intensity and the duration of exposure of the seeds
to electric field (Podlesny 2005). It is assumed that electromagnetic field affects the structure of cell membrane
and thereby increases its permeability to different ions and eases their transport across the membrane, which in
turn affects the main metabolic activities of plants. The exposure of plant seeds to the electromagnetic field can
cause a significant change in the activities of the enzymes that are important in certain stages of germination
(Pozeliene 2000).

5) Conclusions:

It can be noted that electric field affects on the movement of ions, electrons and other charged species and
causes changes in cell division and growth of the plant. The results of the present study show that the cellular
metabolism can be positively affected by the application of appropriate intensity of the electric field. So, a
positive effect of 3V intensity of the electric field was seen for some parameters involved in the saffron plant
growth and germination while, the administration of 9V electric field could effectively enhance the overall
germination process in the saffron plant, which shows that increased crop yield can be achieved by this
technique and without using harmful chemical methods.



1479 Hossein Bari Abarghouei, 2014

Journal of Applied Science and Agriculture, 9(4) April 2014, Pages: 1475-1479

ACKNOWLEDGE

The present work was supported by the Research Institute of Science and Nanotechnology, Payame Noor
University, Yazd, Iran and the Research and Clinical Center for Infertility, Shahid Sadoughi University of
Medical Sciences, Yazd, Iran.

REFERENCES

Aksyonov, S., T. Grunina, Yu. Goryachev, V.B. Turovetsky, 2000. Physiochemical mechanisms of
efficiency of treatment by weak ELF-EMF of wheat seeds at different stages of germination. Proc 22" Annual
meeting Euro, Bioelctromagnetice Ass, Munich.

Baluchi, H., M. Mahdavi, 2004. Effects of electromagnetic fields on seed germination and early growth of
annual alfalfa, barley, and barnyard grass sauce. Iranian Journal of Biology for 21(3): 437-435.

Das, R. and R. Bhattacharya, 2006. Impact of electromagnetic field on seed germination. Proceedings of the
International Conference on Modern Electrostatics, Beijing, China, 16: 141-145.

David Irwin, J., 1939. Basics of electricity and electric circuits, Cultural and Artistic Institute of Tehran,
No: 14, Tehran.

Kerdonfag, P., C. Klinsa-ard, W. Khan-ngern, 2002. Effect of electric field from the electric field Rice grain
separation unit on growth stages of the rice plant. Faculty of engineering and EMC laboratory, 12: 20-253.

Kiatgamjorn, P., V. Tarateeraseth, S. Nitta, 2002. The effect of electric field intensity on bean sprouts
growing. Salesian Polytechic, 9: 461-467.

Labes, M.M., 1993. A possible explanation for the effect of magnetic fields on biological systems. Nature,
2(11): 969.

Nick Nejad, D., 2007. The effect of electric field intensity on the rate of moisture transfer in phenomenon.
Journal of Agricultural Sciences and Natural Resources, 4: 23.

Pietruszewki, S., 1999. Influence of pre-sowing magnetic biostimulation on germination and yield of wheat.
Int. Agrophysics, 13: 241-244.

Podlesny, J., W. Lenartowicz, M. Sowinski, 2003 The effect of pre-sowing treatment of seeds magnetic
biostimulation on morphological feature formation and white lupine yielding (in polish). Zecz. Probl. Post.
NaukRoln, 495: 399-406.

Podlesny, J., L.E. Misiak, A. Podlesna, S. Pietruszewki, 2005. Concentration of Free radicals in pea seeds
after pre-sowing treatment with magnetic field Int. Agrophysics, 19: 243-249.

Pozeliene, Av, 2000. Influence of electric field on the quality of flax seed. Agricultural Engineering
International: The CIGR Journal of Scientific Research and Development, pp: 1-6.

Prokop, M., S. Pietruszewski, K. Kornarzynski, 2002. The preliminary investigation of magnetic and
electric fields influence on germination, crops, and mechanical features of radish and skall radish roots (in
polish), Acta Agrophysica, 62: 83-93.

Rochalska, M., 2002. Magnetic Field method of seeds vigor estimation (inpolish). Acta Agrophysica., 62:
103-111.

Sidway, G.H., 1970. Electrostatic sensitivity of the photo-receptive mechanism in germinating Grand
Rapids Lettuce seed. Planta, 90(3): 295-298.



